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ABSTRACT
We have combined the Kepler Eclipsing Binary Catalogue with information from
the HES, KIS and 2MASS photometric surveys to produce spectral energy dis-
tribution fits to over 2600 eclipsing binaries in the catalogue over a wavelength
range of 0.36 to 2.16A˚. We present primary (T1) and secondary (T2) stellar tem-
peratures, plus information on the stellar radii and system distance ratios. The
derived temperatures are on average accurate to 370K in T1 and 620K in T2.
Our results improve on the similarly derived physical parameters of the Kepler
Input Catalogue through consideration of both stars of the binary system rather
than a single star model, and inclusion of additional U band photometry. We ex-
pect these results to aid future uses of the Kepler Eclipsing Binary data, both in
target selection and to inform users of the extremely high precision light curves
available. We do not include surface gravities or system metallicities, as these
were found to have an insignificant effect on the observed photometric bands.
Key words: binaries:general, binaries:close, binaries:eclipsing, Astronomical
Databases: catalogues
1 INTRODUCTION
In preparation for the Kepler mission Brown et al. (2011)
produced the Kepler Input Catalog (KIC), providing
spectral energy distribution fit parameters for stars in
the Kepler field of view. Since then the Kepler satellite
has produced high-precision light curves for some 150000
stars in this field, many of which have proven to be eclips-
ing binaries. These are catalogued in the Kepler Eclips-
ing Binary Catalogue (KEBC) (Prsa et al. 2011; Slawson
et al. 2011; Matijevicˇ et al. 2012), and number well over
2000. With this catalogue as a guide, many interesting
results have been found (e.g. Carter et al. 2011; Rappa-
port et al. 2012; Bloemen et al. 2012; Armstrong et al.
2012; Lee et al. 2013) not least those of the circumbi-
nary planets (e.g. Doyle et al. 2011; Welsh et al. 2012).
The parameters presented by the KIC are used in target
selection for both the primary Kepler purpose of planet
hunting and other guest observer programs, as well as
to provide estimated radii for candidate planets (Batalha
et al. 2013). They have been subject to latter testing,
through for example population synthesis (Farmer et al.
2013).
? d.j.armstrong@warwick.ac.uk
Here we aim to produce a catalogue similar to the
KIC for the eclipsing binary systems of the KEBC, tak-
ing into account our new knowledge of their binary nature
with the information presented by the various photomet-
ric surveys of the Kepler field. In this way we can im-
prove upon the KIC for these binary systems, through
extended wavelength coverage (particularly inclusion of
the U band), and consideration of both stars. Although
the primary star often dominates the observed flux, not
including the secondary (as in the KIC) can lead to bi-
ases.
The structure of the paper is as follows. We lay out
our input data in Section 2, and explain the model used
to fit the observed colour bands in Section 3. We test the
model against simulated stellar parameters in Section 3.2,
and present our results catalogue and parameter distri-
butions in Section 4, while Section 5 discusses the results
and observed distributions.
2 DATA
2.1 KEBC
We make use of data from the Kepler Eclipsing Binary
Catalogue (KEBC). Our targeted objects’ KIC Identifi-
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cation Numbers are taken from the Catalogue, along with
the primary and secondary eclipse depth ratio, which
were used to produce an estimate of the temperature ra-
tio T2/T1 of each binary as described in Sect. 3.1.3. We
took a version of the KEBC as presented online on 18-09-
2013 to give KIC IDs and eclipse depth ratios, yielding
2610 systems. Thirteen of these systems contained multi-
ple entries in the catalogue, we took the first entry only in
each of these cases. Specific KIC IDs used are presented
with our results in Section 4.
2.2 HES
We use photometry from the Howell-Everett Survey
(HES)(Everett et al. 2012). The survey consists of the
three optical filters Johnson U B and V, in the Vega sys-
tem (Morgan et al. 1953), and contains data on 2424
objects of the 2610 from the KEBC. Errors were taken
as presented in the HES catalogue.
2.3 KIS
In parallel to the Howell-Everett Survey, we use data
from the Kepler INT Survey (KIS) (Greiss et al. 2012a,b),
Data Release 2. This allows models to be fit to two in-
dependent sets of photometry separately, increasing reli-
ability and allowing bad data to be more easily flagged.
The KIS provides data in the RGO U, Sloan g, r and i
bands, in the Vega system. Errors provided in the cata-
logue are photometric only, we add systematic errors to
the photometric errors in quadrature. We use Table 3 of
Greiss et al. (2012a), which gives the systematic offset
used in calibrating each band to the KIC, as an estima-
tion of the systematic error for each band (a 0.05 mag
systematic error was used for the U band).
Some objects in the KIS are observed more than
once, these are available as separate sets of data, du-
plicates or triplicates (no object had more than 3 sets of
data), for the same object. There are 2439 of the KEBC
systems present in the KIS, of which 764 are duplicates
and 111 triplicates. These multiple dataset systems were
treated as independent objects during the subsequent
analysis. Data for individual bands were filtered using
the KIS class flag. Only bands of data with class -1 (stel-
lar) or -2 (probably stellar) were used.
2.4 2MASS
To each of the HES and KIS surveys we added data
from 2MASS (Skrutskie et al. 2006). This consisted of
the Johnson J H and 2MASS specific Ks bands, in the
Vega system. The combined total photometric uncertain-
ties were used as presented in the 2MASS catalogue. Data
were accepted if the SNR in that band was > 5 and the
object was not flagged as blended or contaminated. 2590
objects were found in the 2MASS catalogue.
2.5 Combination
For each object the above survey data was combined
to produce two partially independent datasets, HES
+ 2MASS, hereafter UBVJHK, and KIS + 2MASS,
hereafter UgriJHK. Each dataset is used separately in
what follows, allowing comparison between results de-
rived from the HES and KIS surveys and hence increasing
reliability.
3 MODEL
3.1 Setup
We use a Markov Chain Monte Carlo code utilising the
Metropolis-Hastings algorithm, enacted using the python
module PyMC (Patil et al. 2010). We assumed each sys-
tem to be composed of two stars, and fit the combined
contribution from these two stars to the observed colour
data. This intrinsically assumes that the data were taken
when the stars were out of eclipse. This is reasonable for
many eclipsing binaries, for those in overcontact systems
(where the two stars are permanently in contact) it is less
so but hard to avoid. In these cases it is only the appar-
ent radii of the eclipsed star which will change; this is in
general fit poorly anyway (see Section 3.2), and the fit
temperatures should be unaffected.
3.1.1 Model Atmospheres
We use the Castelli-Kurucz 04 Model Atmospheres
(Castelli & Kurucz 2004). These cover a grid of [3500K <
T < 50000K], [−2.5 < [M/H] < 0.5], and [0.0 < Log g <
5.0], of which for computing efficiency purposes we used
temperatures up to 13000K (some systems were run with
higher temperature limits, see Sect 4.1). The grid spac-
ing was 250K in Temperature (1000K for atmospheres
above 13000K), 0.5 in [M/H] (with an additional point
at [M/H] = 0.2) and 0.5 in Log g. Model values were in-
terpolated linearly between the two closest grid points of
each parameter. Although the CK atmospheres depend
on surface gravity and metallicity as well as temperature,
we found that they were retrieved extremely poorly (See
Sect 3.2). As such we did not include them in our model,
using CK atmospheres with the KIC surface gravity and
zero metallicity for each system.
To make use of the CK atmospheres, they must be
integrated over a response function for the relevant filter
to produce band-integrated flux densities. We used filter
transmission curves as detailed in the respective papers of
the HES and KIS. For the 2MASS data, relative spectral
response functions from Cohen et al. (2003) were used.
These provide an absolute flux calibration using the cali-
brated spectrum of Vega, matching with the Vega system
magnitudes of the HES and KIS.
3.1.2 Interstellar Extinction
We use the extinction relations of Cardelli et al. (1989)
with a constant RV of 3.1, resulting in two analytical re-
lations relevant for optical wavelengths (U to i) and IR
wavelengths (JHK). This allowed extinction in each band
to be calculated as a function of that of the V-band. The
specific conversion factor for each photometric band de-
pends on the spectrum of the star under question (due
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to the distribution of stellar flux within the band), but
we found that making the simplifying assumption of an
extinction factor for each band calculated at the central
wavelength of the relevant band had negligible effect for
the stars considered here. We took V band extinctions
from the AV values of the KIC, and used the mean value
of the KIC EBs of 0.4 mag for systems where no KIC
values were available. This applied to 244 systems of the
2610; these systems are flagged in the presented cata-
logue. While the KIC values for AV are by no means
perfect (see Brown et al. (2011) for a full discussion) we
found that fitting them ourselves did not constrain them,
and results in an additional free parameter in what is al-
ready a large parameter space. As such we use the KIC
values both to constrict the parameter space and to allow
easier comparison between our results and the Teff of the
KIC.
3.1.3 Generation of T2/T1
As direct values for T2/T1 were not available at the
time of submission, we estimate it from the ratio
of secondary to primary eclipse depth (as T2/T1 '
(depthsec/depthpri)
0.25). For circular binaries, this repre-
sents a good proxy for the temperature ratio. For increas-
ingly eccentric orbits, due to the possibility of different
surface areas being occulted in primary and secondary
eclipse, the eclipse depth ratio becomes an increasingly
less accurate estimator of T2/T1. We formed a distribu-
tion for T2/T1 by including 1) The known parameters
(period, eccentricity, argument of periapse) of each bi-
nary, 2) measurement scatter in recovering the eclipse
depths (gaussian errors of 0.025 and 0.05 for over contact
and non-overcontact binaries respectively, from the test
Figures 8 and 10 of Prsa et al. (2011)) and 3) a correc-
tion for the effect of eccentricity, derived for each binary
individually. For full details see Appendix A.
3.1.4 Fit Parameters
Four fit parameters were used. These comprised the pri-
mary star temperature T1, secondary star temperature T2
(constrained through the temperature ratio as measured
from the lightcurves), radius ratio of the stars R2/R1,
and the primary radius to system distance ratio R1/D.
Note that stellar radii as used provide no allowance for
non-sphericity of stars, and as such represent an ‘effective
radius’, particularly in the case of overcontact eclipsing
binary systems. No constraining relations were used, each
parameter was allowed to vary according to its prior (see
Section 3.1.5). Observables were treated as having nor-
mally distributed errors, and comprised each available
colour band.
3.1.5 Input Data and Priors
The fits were performed to the combined UBVJHK
dataset (6 colour bands), and separately to the UgriJHK
dataset (7 colour bands). Each covered the wavelength
range 0.36 to 2.16 A˚. Missing (not available from the rel-
evant photometric survey catalogue) or bad as defined
in Sections 2.2, 2.3, and 2.4) data was given an error of
105 magnitudes to ensure it did not affect the fit. We
treated the KEBC temperature ratio as an observable
with distribution as described in Section 3.1.3, and used
this to constrain the temperature of the secondary star
from that of the primary. We assumed priors on the model
as detailed in Table 1. Where no KIC Teff was available
for an object, 5000K was used as the prior mean for T1.
We tested the effect of the prior on T1 by running 1000
of the binary systems with firstly a prior of 5000K with
standard deviation 2000K, and secondly a prior of the
KIC Teff with the same standard deviation, in each case
with no extinction. The offset in the means of the T1 dis-
tributions was 14K, so no significant systematic effect is
caused by the prior. The standard deviation of the dif-
ference between the two cases, excluding non-converged
systems, is ∼200K, well within the errors we quote in Sec-
tion 4.2. As such we conclude that the choice of this prior
has no significant effect on the retrieved values. The ‘pri-
mary’ star of each system was chosen using the KEBC
temperature ratios - these values were taken for the pur-
poses of fitting, even when they were greater than unity.
In the final catalogue the primary star values have been
set as the star with the dominant flux contribution, as
calculated from the temperature and radius ratios of the
model output.
3.2 Testing
The model was tested on a simulated distribution of
1000 binary systems, for both the UBVJHK and Ugri-
JHK datasets. These systems were generated with sep-
arate distributions for each physical stellar parameter,
as no complete unbiased distribution could be found for
these parameters in binary stars. We used the distribu-
tions as laid out in Table 2 (with all values constrained
to be above zero), which were designed to cover the
expected parameter space for the Kepler mission EBs.
The distribution of Temperature Ratio T2/T1 was taken
as a gaussian approximation to the distribution of the
KEBC. Note that this form of test involves generating
fake colours using the very model atmospheres and filter
transmissions used to fit them. Also while it involves real-
istic parameter values, these do not combine to represent
‘real’ stars. Hence this is purely a test of information con-
tent in the used colour bands. No significant difference
was seen between each dataset, as expected from their
similar colour bands and wavelength ranges.
Simulated colour bands were generated via integrat-
ing over the CK04 model atmospheres as detailed above.
The MCMC was run for 50000 iterations with a burn in
period of 20000 iterations. No significant extinction was
included in this test. The retrieved values of T1, T2, R1/D
and R2/R1 as compared to their input values for each
dataset are shown in Figures 1, 2, 3 and 4. The agree-
ment in all parameters except R2/R1 shows that 20000
is a sufficient number of iterations to allow convergence
for the majority of systems. To remove as many as possi-
ble of those few remaining unconverged, a higher number
of iterations is specified for the real data. The retrieval
of surface gravity and metallicity was extremely poor.
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Table 1. Model Priors
Parameter Distribution Parameters
Mean Standard Deviation Lower Limit Upper Limit
T1 Normal KIC Teff 2000K 3500K 13000K (see Sect 4.1)
T2/T1 See Sect 3.1.3
R1/D Normal 0.003Rpc−1 0.05Rpc−1 10−5Rpc−1 0.2Rpc−1
R2/R1 Normal 0.8 0.3 0.01 3.0
Table 2. Distribution of Test Parameters
Parameter Distribution Parameters
Mean, Standard Deviation
Lower Limit, Upper Limit
T1 Uniform 3500K 10000K
T2/T1 Normal 0.9123 0.1668
R1 Normal 0.8R 0.2R
D Uniform 50 pc 1500 pc
R2/R1 Normal 1.0 0.4
Log g1 Normal 4.5 cgs 0.2 cgs
Log g2 Normal 4.5 cgs 0.2 cgs
[M/H] Uniform -2.5 0.5
AV Normal 0.05 mag 0.02 mag
4000 5000 6000 7000 8000 9000 10000
Initial T1 (K)
4000
6000
8000
10000
12000
M
C
M
C
 T
1
 (
K
)
Figure 1. Input and MCMC fit primary star temperatures T1
for 1000 simulated sets of stelar parameters. The dashed line
shows a perfect match. Dots represent the UBVJHK dataset
and crosses the UgriJHK. The small number of systems highly
deviant from the dashed line have not converged.
These parameters have very little impact on the observed
colours within their error. As such these parameters were
not included in the model. As shown above, the combi-
nation R1/D replaces R1 and D in the actual model run,
as the latter two were not individually constrained.
For two stars with well separated temperatures it
should be possible to fit each stellar atmosphere and
hence obtain information on both stellar temperatures
and also the ratio of the radii of the stars (to each
other and to the system distance). For the systems in
the KEBC however, the two stellar temperatures in gen-
eral proved to be too close to allow this, as the peak
emission of each star is often located too close in wave-
length to that of the other star. This led to the well-
retrieved information being in general the primary star
temperature T1 (and through the temperature ratio the
secondary temperature T2) along with a combination of
4000 6000 8000 10000 12000
Initial T2 (K)
4000
6000
8000
10000
12000
M
C
M
C
 T
2
 (
K
)
Figure 2. As Figure 1 for T2
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M
C
M
C
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1
/D
Figure 3. As Figure 1 for R1/D
parameters which we term the binary solid angle, equal
to (R21 +R
2
2)/D
2. The relevance of the binary solid angle
as opposed to R1/D and R2/R1 depends on the tempera-
ture ratio. For ratios significantly different from unity the
individual components R1/D and R2/R1 become well re-
trieved. The difference between input and MCMC fit val-
ues for R2/R1 using the UBVJHK colours is shown as
a function of T2/T1 in Figure 5 (with an additional 1000
systems with lower temperature ratios added to illustrate
the correlation). Note the systematic offset of about -0.2
even at lower values of T2/T1. In what follows we pub-
lish both R1/D and R2/R1, as each are in some cases
accurate, but users should note the above in choosing
whether to use these values individually or combined into
the binary solid angle mentioned. The relevance of R2/R1
c© 2002 RAS, MNRAS 000, ??–??
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Figure 4. As Figure 1 for R2/R1
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Figure 5. The dependence of R2/R1 fit quality on T2/T1.
The 1000 simulated sets of parameters used in Figure 1 plus
1000 additional sets with lower temperature ratios are shown.
should be determined from Figure 5 in line with the needs
of the user. We note that when T2/T1 approaches unity
that for main sequence stars R2/R1 should also be close
to unity.
4 RESULTS
4.1 Fitting Parameters
Each object was run through the MCMC for 100000 it-
erations, including a burn in period of 30000 iterations
(significantly more than was used in the test of Section
3.2). At 250 iteration intervals through the burn in phase,
the model was tuned. Objects with KIC Teff <= 9000K
were run using a high temperature limit of 13000K for
efficiency. Other objects (including those with no KIC
value for Teff ) were run with a limit of 50000K, and are
flagged in the catalogue.
In forming final values for each object, output pa-
rameters were checked for consistency between both
datasets, and also between duplicate or triplicate Ugri-
JHK datasets where available. We used T1 as the pa-
rameter for checks (with T1 defined as the temperature
of the star dominating the system flux) , as this was
the strongest recovered parameter while testing. First,
all fits with 3 or less bands were excluded. Then, in the
cases where more than one fit was available, each fit was
checked against each of the others to see if it was within
3σ (using the maximum σ of the two fits being checked).
If the fits were thus consistent, they were both included
in the weighted average (using their MCMC derived er-
rors) to calculate the final set of values. This process was
repeated for all possible fit combinations (the maximum
number of fits for a systems is 4, one UBVJHK and 3
UgriJHK). In this way highly deviant fits (for example
due to bad photometric data) can be excluded from the fi-
nal values where possible. For systems where no good fits
were present, final values were formed using the weighted
average of all available fits, and errors by the standard
deviation of those fit values. These systems are flagged in
the catalogue to highlight the systematic difference be-
tween their fits and/or the lack of photometry available.
4.2 Errors
We use the MCMC derived errors to represent the
gaussian noise associated with our model fitting. These
have median values of 120K for T1, 310K for T2,
8.2× 10−5R/pc for R1/D and 0.17 for R2/R1. We also
estimate the effect of extinction on the presented val-
ues, as the KIC extinctions are known to have partic-
ularly high error. We compare a run of the model on
the UBVJHK dataset with the KIC extinction values
(as in the final run) and with no extinction. The error
on the KIC extinction values (∼0.3) is of the order of
the values themselves (mean ∼0.4), so the difference in
model fits generated by removing extinction represents
a reasonable estimate of the error they could cause. We
found that there was a median difference between fits
with and without extinction of 350K and 540K for T1
and T2, 7.3× 10−5R/pc for R1/D, and for R2/R1 0.15.
As such, extinction has a significant effect. We treat these
median extinction effects as a 1σ additional gaussian er-
ror on the presented values, and give the combined error
in the catalogue. While this is an estimate, neither the
KIC extinction values nor their errors are characterised
enough for a more detailed approach to be meaningful.
We note that this error estimation does not take
account of systematic offsets caused by contamination
(‘third light’), bad data, or bad extinction values, and ob-
jects affected will have larger errors. While we removed
bad or contaminated photometric data where it was la-
belled as such, and applied errors to the input temper-
ature ratios to reduce the impact of bad values, these
issues will remain for some objects.
We then adopt 1σ errors formed from a combina-
tion of the effect of the extinction systematic and fitting
noise values. Errors are presented individually for each
system, but to give a guideline the median catalogue er-
ror is 370K in T1, 620K in T2, 2.5× 10−12 in R1/D, and
0.23 in R2/R1. For high temperatures (> 9000K) the er-
rors on the temperature are larger, as seen in Figure 1)
and discussed in Section 5.2. The errors on the radius pa-
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Table 3. Catalogue Flags
Column Flag Description
1 1 if object run with 50000K temperature limit
2 1 if no KIC Teff , AV or Log g values available
3 1 if candidate or proven three-body system
4 1 if no KEBC eclipse information available
5 1 if no matching fits available with 4+ colour bands
rameters will vary with T2/T1, as described in Sections
3.2 and 5.2. The derived temperature errors are consistent
with the temperatures of various systems in the KEBC
which have been studied in detail, see Section 5 for detail.
4.3 Catalogue
The format of our results is presented in Table 4 (the full
catalogue available online). For each object the results
are given for each fitted dataset, along with ‘final’ values.
These are formed from the average of the available ‘good’
fits - fits can be excluded as explained in Section 4.1.
Entries are flagged for various reasons; a summary of the
used flags, in order in which they appear in the catalogue,
is given in Table 3.
4.4 Distributions
We form distributions of our output parameters using the
‘final’ values as detailed in the results catalogue. Systems
for which no good final value could be formed were dis-
carded (this left 2457 of the original 2610 systems, in at
least one dataset), While the R1/D distribution is gener-
ally uninformative due to the unknown distance, the T1
and T2 distributions, and in combination the T2/T1 dis-
tribution, is worth noting. The R2/R1 distribution is in
general poorly fit so is again uninformative. The results
for T1 and T2 are shown in Figures 6 and 7. In present-
ing the temperature ratio, we show the total distribution
(Figure 8), and also the distribution split by stellar spec-
tral type. We show the results for ‘cool’ (T1 < 5200K,
roughly K and M stars), solar type (5200 6 T1 < 7500K,
roughly F and G stars) and ‘hot’ (T1 >= 7500K, roughly
A stars). These are presented normalised to their sample
sizes in Figures 9, 10, and 11, and are discussed in Section
5.
It is also worth comparing our results to the KIC
itself. Assuming a single star as the KIC does will tend to
focus on the primary star as the dominant source of flux.
As such we compare the KIC Teff to our T1 in Figure
12. A general trend of an increase in our temperatures
over the KIC’s can be seen - this is expected, as in each
of these systems an extra contribution from a usually
cooler star has been included. The effect of our increased
temperature limit over the KIC is also notable.
5 DISCUSSION
5.1 Overview
We have applied a two stellar component MCMC model
to the eclipsing binary stars of the KEBC, using a larger
0 5000 10000 15000 20000 25000 30000 35000 40000
T1  (K)
0
100
200
300
400
500
600
N
4000 6000 8000 10000 12000
0
100
200
300
400
500
600
Figure 6. The distribution of primary star temperature T1,
drawn from the ‘final’ catalogue values. Systems with no con-
sistent fits or lacking 4+ photometric bands are excluded. The
cooler temperatures where the majority of our sample lies are
shown in the inset.
0 5000 10000 15000 20000 25000 30000
T2  (K)
0
50
100
150
200
250
300
N
4000 6000 8000 10000 12000
0
50
100
150
200
250
300
Figure 7. As Figure 6 for secondary star temperature T2.
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
T2 /T1  (K)
0
100
200
300
400
500
N
Figure 8. The total distribution of temperature ratio T2/T1,
drawn from the ‘final’ catalogue values. Systems with T2/T1
are included as their inverse.
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Table 4. Catalogue Format. UBV = UBVJHK, KIS=UgriJHK
Column Header Description Column Header Description
KIC ID Kepler Input Catalogue Identifier T2 KIS1, Error -1 if None
T1 Final, Error Final Primary Temperature and error (K) R1/D KIS1, Error -1 if None
T2 Final, Error Final Secondary Temperature and error(K) R2/R1 KIS1, Error -1 if None
R1/D Final, Error Primary Radius / System Distance and error KIS1 Bands Used 1 if used, order – – – UgriJHK
R2/R1 Final, Error Component Radii Ratio and error T1 KIS2, Error -1 if None
T2/T1 Input Input prior temperature ratio T2 KIS2, Error -1 if None
Flags 4 digit flag of fit quality, see Table 3 R1/D KIS2, Error -1 if None
Output Source Final values source, UBV, KIS1,KIS2,KIS3, 1 if used R2/R1 KIS2, Error -1 if None
T1 UBV, Error -1 if None KIS2 Bands Used 1 if used, order – – – UgriJHK
T2 UBV, Error -1 if None T1 KIS3, Error -1 if None
R1/D UBV, Error -1 if None T2 KIS3, Error -1 if None
R2/R1 UBV, Error -1 if None R1/D KIS3, Error -1 if None
UBV Bands Used 1 if used, order UBV– – – – JHK R2/R1 KIS3, Error -1 if None
T1 KIS1, Error -1 if None KIS3 Bands Used 1 if used, order – – – UgriJHK
0.4 0.5 0.6 0.7 0.8 0.9 1.0
T2 /T1
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
N
Figure 9. The normalised distribution of T2/T1 for solar type
stars, total number 1908.
0.4 0.5 0.6 0.7 0.8 0.9 1.0
T2 /T1
0.00
0.05
0.10
0.15
0.20
0.25
N
Figure 10. The normalised distribution of T2/T1 for stars
cooler than 5200K, total number 303.
wavelength range than that previously utilised by the
KIC. In particular we add the U band, in principle im-
proving our results for hotter stars. We find that the use-
ful results of our model are the effective temperatures of
both stars, as well as the parameters R1/D and R2/R1.
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
T2 /T1
0.00
0.05
0.10
0.15
0.20
N
Figure 11. The normalised distribution of T2/T1 for stars
hotter than 7500K, total number 246.
3000 4000 5000 6000 7000 8000 9000 10000 11000 12000
KIC Teff (K)
0
5000
10000
15000
20000
25000
30000
35000
40000
T
1
 (
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3000 4000 5000 6000 7000 8000 9000
4000
6000
8000
10000
12000
Figure 12. Comparison of KIC Teff and final catalogue T1
values. The dashed line represents a 1:1 match. The difference
arises from the inclusion of two stars in our model as compared
to the single star of the KIC, and also our higher temperature
limit.
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For values of T2/T1 close to unity, these parameters are
not individually fit and the combination (R21 + R
2
2)/D
2
is instead. The errors on these parameters were found to
be on average 370K in T1, 620K in T2, 2.5× 10−12 in
R1/D, and 0.23 in R2/R1. We anticipate that this cata-
logue will be of use in target selection of Kepler eclipsing
binary stars, approximation of parameters and to gener-
ally inform anyone wishing to make use of these objects’
extremely high-precision light curves. We note that these
results use temperature ratios derived from the eclipse
depth measurements of the KEBC, and as such they rely
on that catalogue to that extent. While the primary star
temperatures will only be slightly affected by a largely
erroneous temperature ratio, the secondary star temper-
atures are more sensitive.
5.2 Shortcomings
There are various issues involved in the production of this
catalogue, the worst of which we summarise here. Some of
these issues are in common with those of the KIC (Brown
et al. 2011).
5.2.1 High/Low T
The CK stellar atmospheres which we use have a lower
limit of 3500K. As such, temperatures which lie close to
this value (T < 3750K) should not be taken as accurate.
In terms of selecting cool stars however they can be used
- while the temperature is not accurate, any object with
a catalogue temperature around this level is unambigu-
ously cool. At high temperatures (T > 9000K) a large
systematic effect, visible in Fig. 1, means that our tem-
peratures have much higher errors, and are likely under-
estimated. Again, these are still hot stars, but the exact
temperature values should not be trusted.
5.2.2 Binary Solid Angle vs R1/D and R2/R1
As described in Section 3.2, the R1/D and R2/R1 val-
ues are generally poorly constrained. This is because for
most of the systems in the KEBC, the temperatures of
the two stars are close enough that little information is
contained on the secondary star’s relative contribution to
the flux. Fig. 5 shows that only systems with T2/T1 6 0.6
constrain R1/D and R2/R1, and in these cases there is
still a systematic underestimate of ∼0.2 in R2/R1 which
has not been adjusted for. In the other systems, which
represent the majority of those here, the binary solid an-
gle, equal to (R21 +R
2
2)/D
2 and representing a combined
measure of the level of flux incoming at the Earth is con-
strained instead, and can be recovered from the catalogue
values as (R1/D)
2(1 + (R2/R1)
2).
5.2.3 Contamination
As has been mentioned previously, our model assumes
only two stellar components, and does not take account
of additional sources of flux. The proportion of KEBC
objects with additional companions is ∼20% (Rappa-
port et al. 2013), meaning they represent a significant
part of our catalogue. We have removed data flagged as
contaminated in the various photometric surveys used,
and marked objects which are confirmed as or possible
3+ body systems (Rappaport et al. 2013; Carter et al.
2011; Derekas et al. 2011; Conroy et al. 2013; Gies et al.
2012). These systems can still be of use - for example,
KIC5897826 is a triple star and is tested successfully
against our two star model in Table 5. In cases where
more than two stellar components are present in a sys-
tem, the derived physical properties will be affected to
the extent that the extra companions contribute to the
flux.
5.2.4 Extinction and Reddening
Our use of the KIC AV values allows us to reduce our al-
ready large parameter space while still using reasonable
extinction values. Attempts to fit these values ourselves
were very poorly constrained. Extinction is not gener-
ally well constrained - typical errors on the KIC E(B-V)
values are of 0.1 mag, implying a 0.31 mag typical er-
ror on AV (Brown et al. 2011), which is of the order
of the AV values. The KIC paper itself notes the prob-
lems involved in its extinction parameters, including no
account of small scale structure in the interstellar extinc-
tion. These errors are incorporated here, and will affect
the systems in our catalogue. We have attempted to in-
clude the systematic effects of bad extinction in our er-
rors (see Section 4.2), but users should be aware that
anomalously high extinctions will produce too high tem-
peratures, and the reverse for low extinctions.
5.3 Distributions
While our individual stellar temperatures are not con-
strained by spectroscopy, and so have a larger potential
for biases and non-physical effects to show themselves,
they offer a particularly large sample size - 303 cool stars,
1908 solar type, and 246 hot stars. However, as the stars
under consideration are drawn from an unconstrained
sample of ages (and the expected stellar temperature
varies with evolution), the temperature distributions are
generally uninformative by themselves. The temperature
ratio distributions split by spectral type show slight dif-
ferences, however due to the lower number of samples in
each bin of the cool and hot distributions there is not
a strong case for any statistically significant difference.
This implies that systematic effects in the fitting of dif-
ferent temperature stars were not strong, supporting the
robustness of our results across the different temperature
regimes. All of the presented distributions have potential
biases present, in the effect of the particular combination
of colour bands which we utilise, as a residual effect of
the KEBC recovery of eclipse depths, or as a sampling
effect in the eclipsing binaries which Kepler selects.
5.4 Performance on known objects
A limited number of these eclipsing binary systems, anal-
ysed in depth for other reasons, are available to compare
with our results. While this sample is far from ideal (by
c© 2002 RAS, MNRAS 000, ??–??
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Table 5. Performance on known systems
KIC ID Description T1 (Actual, K) T1 (This Work, K) T2 (Actual, K) T2 (This Work, K) Reference
12644769 Kepler-16 4450± 150 4013± 350 N/A 3984± 550 Doyle et al. (2011)
8572936 Kepler-34 5913± 130 5937± 380 5867± 130 5943± 610 Welsh et al. (2012)
9837578 Kepler-35 5606± 150 5902± 370 5202± 100 4913± 620 Welsh et al. (2012)
6762829 Kepler-38 5623± 50 5834± 350 N/A 3539± 540 Orosz et al. (2012a)
10020423 Kepler-47 5636± 100 5881± 350 3357± 100 3985± 680 Orosz et al. (2012b)
4862625 PH1 6407± 150 6705± 390 3561± 150 4626± 860 Schwamb et al. (2013)
10661783 δ-Scuti 8000± 160 9197± 480 N/A 7714± 810 Southworth et al. (2011)
5897826 Triple System 5875± 100 5798± 380 N/A 5951± 750 Carter et al. (2011)
6889235 A+WD binary 14500± 500 10874± 470 9500± 250 9519± 1000 Bloemen et al. (2012)
7975824 sdB+WD binary 34730± 250 32604± 2190 15900± 300 10753± 1460 Bloemen et al. (2010)
9472174 sdB+dm binary 29564± 106 38868± 387 N/A 16350± 2090 Østensen et al. (2010)
definition these are systems which were selected as ‘in-
teresting’ for a variety of reasons, and hence unlikely to
be typical) we would still hope to predict their temper-
atures reasonably well. We found 11 systems where de-
tailed analysis had been done. Five of these represent in-
teresting stellar objects (e.g. sdB+white dwarves, triple
systems) whereas the other 6 were circumbinary planet
hosts. In the stellar cases the primary star often domi-
nates the flux, and in these circumstances we would ex-
pect to fit this star reasonably well. The spectroscopically
derived individual temperatures are compared to ours in
Table 5. We chose to contain our comparison to temper-
atures, as in the majority of cases no distance informa-
tion is available. Encouragingly both the primary and sec-
ondary temperatures fit well, within the errors we derive.
For the three hot star entries in the table, the fits are gen-
erally worse, in all cases lying outside 3σ for at least one
star. They are however, unambiguously high, represent-
ing some of the highest temperatures in our catalogue.
This highlights that while we can select ‘hot’ stars rea-
sonably well, precise temperatures at values greater than
∼9000K can have larger errors. This does not affect the
selection of ‘hot’ stars used in the above distributions.
ACKNOWLEDGEMENTS
The authors would like to thank E. Stanway for use
of computing resources to complete this work, and D.
Steeghs for helpful conversations regarding the Kepler
INT Survey. We also thank Andrej Prsˇa for comments
which improved the paper.
REFERENCES
Armstrong D. et al., 2012, Astronomy and Astrophysics,
545, L4
Batalha N. M. et al., 2013, The Astrophysical Journal
Supplement Series, 204, 24
Bloemen S. et al., 2012, Monthly Notices of the Royal
Astronomical Society, 422, 2600
Bloemen S. et al., 2010, Monthly Notices of the Royal
Astronomical Society, pp no–no
Brown T. M., Latham D. W., Everett M. E., Esquerdo
G. A., 2011, The Astronomical Journal, 142, 112
Cardelli J. A., Clayton G. C., Mathis J. S., 1989, The
Astrophysical Journal, 345, 245
Carter J. A. et al., 2011, Science, 331, 562
Castelli F., Kurucz R. L., 2004, eprint arXiv:astro-
ph/0405087
Cohen M., Wheaton W. A., Megeath S. T., 2003, The
Astronomical Journal, 126, 1090
Conroy K. E., Prsa A., Stassun K. G., Orosz J. A., Fab-
rycky D. C., Welsh W. F., 2013, eprint arXiv:1306.0512
Derekas A. et al., 2011, Science, 332, 216
Doyle L. R. et al., 2011, Science, 333, 1602
Everett M. E., Howell S. B., Kinemuchi K., 2012, Publi-
cations of the Astronomical Society of the Pacific, 124,
316
Farmer R., Kolb U., Norton A. J., 2013, eprint
arXiv:1302.2867
Gies D. R., Williams S. J., Matson R. A., Guo Z.,
Thomas S. M., Orosz J. A., Peters G. J., 2012, The
Astronomical Journal, 143, 137
Girardi L., Bressan A., Bertelli G., Chiosi C., 2000, As-
tronomy and Astrophysics Supplement Series, 141, 371
Greiss S. et al., 2012a, The Astronomical Journal, 144,
24
Greiss S. et al., 2012b, eprint arXiv:1212.3613
Kallrath J., Milone E. F., 2009, Eclipsing Binary Stars:
Modeling and Analysis. Springer
Lee J. W., Kim S.-L., Lee C.-U., Lee B.-C., Park B.-G.,
Hinse T. C., 2013, The Astrophysical Journal, 763, 74
Mandel K., Agol E., 2002, The Astrophysical Journal,
580, L171
Matijevicˇ G., Prsa A., Orosz J. A., Welsh W. F., Bloe-
men S., Barclay T., 2012, The Astronomical Journal,
143, 123
Morgan W. W., Harris D. L., Johnson H. L., 1953, The
Astrophysical Journal, 118, 92
Orosz J. A. et al., 2012a, The Astrophysical Journal,
758, 87
Orosz J. A. et al., 2012b, Science, 337, 1511
Østensen R. H. et al., 2010, Monthly Notices of the
Royal Astronomical Society: Letters, 408, L51
Patil A., Huard D., Fonnesbeck C. J., 2010, Journal of
Statistical Software, 35, 1
Prsa A. et al., 2011, The Astronomical Journal, 141, 83
Rappaport S., Deck K., Levine A., Borkovits T., Carter
J., El Mellah I., Sanchis-Ojeda R., Kalomeni B., 2013,
The Astrophysical Journal, 768, 33
Rappaport S. et al., 2012, The Astrophysical Journal,
752, 1
Schwamb M. E. et al., 2013, The Astrophysical Journal,
c© 2002 RAS, MNRAS 000, ??–??
10 Armstrong, Go´mez Maqueo Chew, Faedi and Pollacco
768, 127
Skrutskie M. F. et al., 2006, The Astronomical Journal,
131, 1163
Slawson R. W. et al., 2011, The Astronomical Journal,
142, 160
Southworth J. et al., 2011, Monthly Notices of the Royal
Astronomical Society, 414, 2413
Torres G., Andersen J., Gime´nez A., 2010, The Astron-
omy and Astrophysics Review, 18, 67
Welsh W. F. et al., 2012, Nature, 481, 475
APPENDIX A: GENERATION OF T2/T1
A1 Known Parameters
The KEBC provides periods for each of the binary sys-
tems, as well as eclipse depths and measurements in phase
of eclipse durations and separations. We produced eccen-
tricity and argument of periapse (ω) measurements us-
ing these durations and separations, through the formu-
lae of Kallrath & Milone (2009). Initial values of T2/T1
were produced directly from the ratio of eclipse depths.
In some cases no eclipse depth ratio or phase measure-
ments were available, usually due to non-detection of the
secondary eclipse.
A2 Measurement Scatter
This was taken to be a gaussian error of 0.025 and 0.05 for
over contact and non-overcontact binaries respectively,
from the test Figures 8 and 10 of Prsa et al. (2011). Over-
contact systems were defined as having morphology pa-
rameter greater than 0.7 (see Matijevicˇ et al. 2012). While
these numbers come from older versions of the KEBC,
they represent a reasonable estimate of the uncertainty
in recovering T2/T1 from eclipsing binary light curves.
A3 Eccentricity Correction
This arises from the possibility of different surface areas
being occulted in primary and secondary eclipse. The ra-
tio of areas acts as a correction to the temperature ratio,
in the form
T2
T1
=
A1
A2
(
D2
D1
) 1
4
(A1)
where D represents an eclipse depth and A the stellar
surface area occulted in eclipse. The area eclipsed can be
calculated from Equation 1 of Mandel & Agol (2002), and
is a function of the projected orbital separation at eclipse,
plus the stellar radii. The projected orbital separation
at eclipse is then itself a function of period, eccentric-
ity, argument of periapse, system mass and inclination.
This leaves the radii, mass and inclination unknown. We
estimated the possible effect of this correction by draw-
ing 10000 random sample binaries for each KEBC bi-
nary, with primary radii drawn uniformly between 0.2
and 1.56 R. 1.56R is the Torres et al. (2010) radius
of a T=12000K star with surface gravity 4.5 and 0.02
metallicity, chosen as an upper limit as the majority of
our catalogue lie below this temperature. Secondary radii
were drawn uniformly between 0.2 and the primary ra-
dius. Inclinations were constrained such that both stars
eclipse. Given these radii, masses were found from the
zero-age main sequence, solar metallicity models of Gi-
rardi et al. (2000). The area correction was calculated
for each sample, and applied to Equation A1, giving a
distribution of T2/T1. We found this to be of the form
P (
T2
T1
) ∝ γδ(µ)
+ (1− γ)
(
α1e
β1|T2T1−µ| + α2e
β2|T2T1−µ|
) (A2)
where µ represents the initial value of T2/T1, produced
from Equation A1 with A1/A2 set to unity. This consists
of two components, a delta function at µ (from the sam-
ples where both eclipses were total, leading to zero correc-
tion), and a continuous distribution which we found to be
best fit by a sum of exponentials. The remaining param-
eters of Equation A2 were found for each KEBC binary.
We limit ourselves to this first order treatment of the ec-
centricity effect, ignoring limb darkening and starspots,
which are both poorly constrained here.
A4 Combined T2/T1 Distribution
The above inputs were combined into a final distribution
of T2/T1, suitable for input as a prior into the MCMC.
This distribution is found by convolving the measurement
and eccentricity correction terms. For simplicity, we con-
volved the measurement gaussian with the delta func-
tion component of the eccentricity correction only. This
is equivalent to approximating the exponential terms to
dominate outside of approximately one gaussian standard
deviation. This led to a final T2/T1 distribution of the
form
P (
T2
T1
) =
1
N
(
γN (µ, σ)
+ (1− γ)
(
α1e
β1|T2T1−µ| + α2e
β2|T2T1−µ|
))
(A3)
where N is a normalisation constant and σ is set as de-
scribed in Sect A2. In cases where no eclipse depth ratio
or duration information was available, we set the prior
on T2/T1 to be a gaussian with mean 0.7 and standard
deviation 0.5, representing a very weak constraint.
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